Spinal muscular atrophy (SMA) is caused by a homozygous deletion or mutation in the survival motor neuron 1 (SMN1) gene that leads to reduced levels of SMN protein resulting in degeneration of motor neurons (MNs). The best known functions of SMN is the biogenesis of spliceosomal snRNPs. Linked to this function, Cajal bodies (CBs) are involved in the assembly of spliceosomal (snRNPs) and nucleolar (snoRNPs) ribonucleoproteins required for pre-mRNA and pre-rRNA processing. Recent studies support that the interaction between CBs and nucleoli, which are especially prominent in neurons, is essential for the nucleolar rRNA homeostasis. We use the SMNΔ7 murine model of type I SMA to investigate the cellular basis of the dysfunction of RNA metabolism in MNs. SMN deficiency in postnatal MNs produces a depletion of functional CBs and relocalization of coilin, which is a scaffold protein of CBs, in snRNP-free perinucleolar caps or within the nucleolus. Disruption of CBs is the earliest nuclear sign of MN degeneration. We demonstrate that depletion of CBs, with loss of CB-nucleolus interactions, induces a progressive nucleolar dysfunction in ribosome biogenesis. It includes reorganization and loss of nucleolar transcription units, segregation of dense fibrillar and granular components, retention of SUMO-conjugated proteins in intranucleolar bodies and a reactive, compensatory, up-regulation of mature 18S rRNA and genes encoding key nucleolar proteins, such as upstream binding factor, fibrillarin, nucleolin and nucleophosmin. We propose that CB depletion and nucleolar alterations are essential components of the dysfunction of RNA metabolism in SMA.
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Introduction
Cajal bodies (CBs) are nuclear structures that were discovered by Cajal in mammalian neurons (for review, see Lafarga et al., 2009; Lafarga et al., 2017) . They contain coilin, which is a molecular marker of CBs, the survival of motor neuron (SMN) protein, the nucleolar protein fibrillarin, small nuclear ribonucleoproteins (snRNPs) and small nucleolar ribonucleoproteins (snoRNPs) required for pre-mRNA and prerRNA processing, respectively, as well as small Cajal body RNAs (scaRNAs) (for a review, see Cioce et al., 2006; Gall, 2000; Machyna et al., 2013) . CBs are transcription dependent nuclear structures, and their number positively correlates with the transcriptional activity and the cellular demand for pre-mRNA and pre-rRNA processing (Cioce et al., 2006; Lafarga et al., 1991; Lafarga et al., 2017; Machyna et al., 2013; Pena et al., 2001) . The best known function of CBs is the maturation and assembly of uridine-rich (U) spliceosomal snRNPs, which are composed of U1, U2, U4/U6 and U5 snRNPs, that belong to the major spliceosome, and U11, U12, U4atac/U6atac and U5 snRNPs that correspond to the minor spliceosome (Fischer et al., 2011; Machyna et al., 2013; Tisdale and Pellizzoni, 2015) . Mature snRNPs are released from CBs and assembled into the spliceosome to participate in pre-mRNA splicing (Matera and Wang, 2014) . CBs also play a critical role in the biogenesis of the U7 snRNP and snoRNAs and snoRNPs. Whereas U7 snRNP is involved in the specific 3′ end processing of histone pre-mRNAs, snoRNAs and snoRNPs concentrate in and traffic through CBs prior to their transfer to the nucleolus, where they participate in the pre-rRNA processing (Kiss, 2002; Machyna et al., 2014; Massenet et al., 2017) . The binding of the scaffold protein coilin with snRNAs and snoRNAs Neurobiology of Disease 108 (2017) [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] 
